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Purpose:  The purpose of this study was to evaluate the biological, mechanical and 
participants-centred outcomes with the use of 2 mini dental implants of 2.1mm 
diameter and 10mm length for the retention of the complete mandibular denture in a 
fully edentulous patient. 
 
Material and Methods: 2 mini dental implants (2.1mm diameter and 10mm length) 
were placed in the mandible of 31 fully edentulous participants at the canine regions, 
using a low trauma, flapless surgical procedure. The dentures were connected to the 
implants for loading and function after a 2-month waiting period. Outcomes 
evaluations were done at the 3-month, 12-month and 24-month observation time 
intervals. Outcomes evaluated included implant survival and success rates, peri-
implant health parameters such as plaque index, gingival index and probing depth, 
vertical and horizontal radiographic bone loss at mesial and distal margins of the 
implants, mechanical and prosthetic complications oI WKHSDUWLFLSDQWV¶GHQWXUHVDQG
the SDUWLFLSDQWV¶ OHYHO RI satisfaction of their dentures for function (chewing ability) 
and comfort (speaking and social interactions).  The satisfaction scores were marked 
on a 10cm Visual Analog Scale with ten 1cm graduated markings from 0 to 10 with 
the score 0 EHLQJ³9HU\'LVVDWLVILHG´DQGWKHVFRUH EHLQJ³9HU\6DWLVILHG´ 
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Results: 25 of the 31 participants completed this 24 months trial. 4 participants lost 
both implants after the first (surgical) intervention and 2 participants did not present 
for the 24-month review. 5 implants were lost at the 24-month review. The 2-year 
implant survival rate was 93.8% and the 2-year cumulative implant survival rate was 
90.1%. The 2-year implant success rate was 93.8% and the 2-year cumulative 
implant success rate was 86.5%.The median VAS scores for function showed a 
large increase from 2.0 (control) to 10.00 (3-month), 9.50 (12-month) and 10.00 (24-
month) respectively (p<0.05). The median VAS scores for comfort similarly showed a 
large increase from 2.5 (control) to 9.00 (3-month), 9.50 (12-month) and 10.00 (24-
month) respectively (p<0.05). Plaque Index, Gingival Index and Vertical Marginal 
Bone Loss also increased significantly (p<0.05) across the three time observation 
periods. However, the increase in Probing Depth and Horizontal Marginal Bone loss 
were significant only at 3-month and 12-month (p<0.05). The changes from 12-
month to 24-month were not statistically significant (p>0.05). There were also a high 
incidence of prosthetic and mechanical complications such as denture base and 
occlusal adjustments, denture fractures and relines, replacement and repair of metal 
housings, replacement of the retentive O rings and fabrication of new dentures. On 






Conclusions: Documentation of 2 mini dental implants less than 3.0mm in diameter 
for use to retain overdentures in the edentulous arch is scant in the literature. The 
results from this study indicated that placement of 2 such implants as retentive 
elements for mandibular full dentures can markedly improve the participants-centred 
outcomes of satisfaction with their dentures with regards to function and comfort. 
Despite the high incidence of mechanical failure, the good clinical and radiographic 
findings of the implants and good peri-implant health tissues, and, the low cost, low 
surgical trauma and short treatment time modality, can improve the quality of life of a 
wide range of patients who may be previously contra-indicated to receive the 
recommended implant-supported overdenture treatment as the minimum standard of 
care option for the fully edentulous patient. 
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1.1 Impacts of Complete Tooth Loss 
The impacts of complete tooth loss on general and oral health are well documented. 
They include modification of normal physiology such as degenerative anatomic 
changes to facial and soft tissue structures of the face and residual structures, risk 
factor for impaired mastication, functional and sensory deficiencies of the oral 
PXFRVDGHOHWHULRXVHIIHFWVRQJHQHUDOKHDOWKDVZHOODVDGHFUHDVHLQWKH³TXDOLW\RI
OLIH´(Emami, de Souza et al. 2013).  
 
1.2 Problem Description  
Conventional mandibular dentures are widely used for the treatment of the 
edentulous mandible; however many such edentate participants are unable to chew 
hard and tough foods as these dentures usually lack stability and retention and are 
unable to effectively replace the form and function of total tooth loss (Cibirka, 
Razzoog et al. 1997). 
 
Implant-supported overdenture provides better denture retention; bone loss, denture 
instability, pain and sore spots problems are significantly reduced leading to an 
improved masticatory efficiency and ability (Cibirka, Razzoog et al. 1997, Polzer, 
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Schimmel et al. 2010). Other psychosocial parameters like speaking ability, self-
image and denture comfort are also improved. (Cibirka, Razzoog et al. 1997)  
 
The evidence is hence overwhelming in support of the mandibular implant 
RYHUGHQWXUH ³DV WKH ILUVW FKRLFH LQ WKH VWDQGDUG RI FDUH IRU edentulous patients¶ 
(Feine, Carlsson et al. 2002, Thomason, Feine et al. 2009). However the issues of 
affordability and access to this level of care are unresolved. Some patients require 
additional surgical steps to have regular conventional implants (more than 3.0mm in 
diameter) placed in their lower jaws.  
 
This group of usually older patients may also have serious medical conditions that 
put them at significantly increased risks of surgical complications (Wood, Vermilyea 
et al. 2004). Additionally, such patients have a greater fear of surgical risks and 
anxiety related to potential pain and complications arising from implant surgery (Ellis, 
Levine et al. 2011). 
 
According to the Glossary of Oral and Maxillofacial Implants (Taft 2009), the term 
³mini dental implant´ LV GHILQHG DV DQ ³LPSODQW IDEULFDWHG RI the same 
biocompatible material as other implants but of smaller dimensions. Mini dental 
implants can be made as one-piece to include an abutment designed for support 
andRU UHWHQWLRQ RI D SURYLVLRQDO RU GHILQLWLYH SURVWKHVLV´1RGLDPHWHU WKUHVKROG LV
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specified for these implants but in the dental literature, it is generally referred to 
implants of diameter ranging 1.8mm to 2.9mm. 
 
Mini dental implants can be easily placed in the mandible of most edentulous 
patients in a low trauma, flapless, surgical procedure. It is also relatively lower in 
costs, does not require many surgical steps, and can be done in general practice 
settings by general dental practitioners (Bidra and Almas 2013). 
 
The use of mini dental dental implants has evolved over the last 2 decades. They 
were initially used for orthodontic treatment where the forces applied were 
unidirectional and are of less magnitude than occlusal forces. Subsequently, they 
had been used in temporary and transitional dental prosthesis. There is, as of now, 
insufficient evidence supporting the use of such mini dental LPSODQWV  mm in 
removable complete dentures. Where available, most studies were based on 
placement of 4 such implants on the basis that the reduced diameter and smaller 
surface area contacting the surrounding bone justify the increased number of 
implants.  
 
In a controlled oral environment, where totally edentulous patients using well 
fabricated, tissue supported dentures, requiring improved retention for their lower 
dentures, is there an evidence-based need to place 4 instead 2 mini dental implants? 
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What are the long-term biological, mechanical and participants-centred outcomes of 
2 mini dental implants-supported mandibular overdentures as compared to their very 
own conventional removable full mandibular dentures? 
 
Despite of these questions, the need for mini dental implants will continue to grow, 
especially among edentulous patients. The prevalence of complete edentulism in 
high-income industrial countries such as America and Canada hovers around 15% to 
22% among those aged 65 years old and above. Studies have shown that 
edentulism is closely associated with socio-economic factors and is more prevalent 
in poor populations and also in women. In 2003, the ratio of edentulism was 6 times 
higher in low-income than in high income Canadian families. Other factors 
contributing to the prevalence of complete tooth loss were age, education, access to 
dental care, dentist/population ratios, and insurance coverage (Emami, de Souza et 
al. 2013). 
 
The increased access to health care as well as the better socio-economic factors 
generally around the world means a general decline in edentulism among the adult 
population. This is a generally accepted fact. However, the 10% decline in 
edentulism experienced each decade for the past 30 years will be more than offset 
by the 79% increase in the adult population older than 55 years. Douglass et al 
estimated that there would be 37.9 million adults in America in need of complete 
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dentures in 2020 (Douglass, Shih et al. 2002). Given this demographic changes in 
the population, especially the aging trend, there is a strong need for relevant 
treatment for the medical problems of the older patients, complete edentulism being 
one of them. 
 
The other relevant reasons that justify this study, other than the aging population and 
increased in life expectancy, are the increased cost of standard implants, access-to-
care issues, especially among economically disadvantaged patients, medically-
compromised patients who may not be candidates for traditional surgical procedures 
or ridge augmentation procedures, and an increased interest in implant dentistry 
among general dentists. 
 
1.3 Statement of Purpose 
The purpose of this study is to evaluate the biological, mechanical and participants-
centred outcomes with the use of 2 mini dental implants of 2.1mm diameter and 








1.4 Conceptual (Theoretical) Framework and Variables   
This study will measure the biological, mechanical and participants-centred 
outcomes of 2 mini dental implants-supported mandibular overdentures as compared 
to their very own conventional removable full mandibular dentures. 
 
1.4.1 The Interventions are the: 
(i) Placement of 2 mini dental implants and   
(ii) Connection of the implants to the dentures for function 
 
1.4.2 Variables to be monitored and reported under the various domains include: 
(i) Biological and Clinical Outcomes 
a. Occurrence of 7-day post-operative pain to evaluate the LPSDFW RI ³ORZ-
trauma´ 
b. Implant survival and success rates and cumulative implant survival and 
success rates after the implants were connected to the dentures and in 
function for 24 months 
c. Peri-implant tissue health conditions and changes 





(ii) Prosthetic and Mechanical Complications 
a. Incidences of denture base adjustments, occlusal adjustments, fractured 
dentures, relining of dentures required, replacement of the worn out O rings 
and similarly relevant incidences 
 
(iii) 3DUWLFLSDQWV¶-centred Outcomes 
a. 3DUWLFLSDQWV¶VDWLVIDFWLRQZLWKWKHLUGHQWXUHVEHIRUHDQGDIWHUWKHLQWHUYHQWLRQ
in terms of chewing ability and comfort will be compared before and after the 
2 interventions 
 
(iv) Other Adverse Events Outcomes (if any) 
a. This trial will also monitor and record any other adverse outcomes that are 
the direct result of the 2 interventions of this trial 
 
 
1.5 Variables Not Monitored  
Factors such as age, gender, medical conditions, bone quality, bone quantity, forces 
of mastication, eating habits and denture and oral hygiene, surgical and prosthetic 
learning curves of the operator, may or may not affect the outcomes of the study, but 
are currently excluded and beyond the scope of this study. These variables may 
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have a casual association or an unknown confounding effect on the variables that 
are monitored or on the outcomes. 
 
1.6 Research Questions 
The ³JDSLQ NQRZOHGJH´ZLWKUHJDUGVWRWKHXVH of 2 mini dental implants to retain a 
mandibular denture IRUSDUWLFLSDQWV¶VDWLVIDFWLRQ IRUFKHZLQJDQGFRPIRUWFRPSDUHG
to their traditional conventional dentures, led to the design of this study.  
 
In this study, the mini dental implants selected are 2.1mm in diameter and 10mm in 
length. Such narrow and short implants can be placed quickly and accurately in a 
miniPDOO\LQYDVLYHIODSOHVVVXUJLFDOSURFHGXUHKHQFHUHGXFLQJSDWLHQWV¶DQ[LHW\DQG
fear of surgery. The minimal diameter and length will further enable patients with 
severe anatomical limitations of the jawbone and those who are medically 
compromised, to qualify for this treatment modality. 
 
The results of this study, using 2 mini dental implants, can be used to recommend a 
low-trauma, low-cost option for implant retained lower dentures, resulting in better 






The following Research Questions will be addressed: 
 
1. What are the survival and success rates of the mini dental implants after 
placement and connection to the mandibular denture and in function for 2 years?  
 
2. What are the other biological and mechanical complications after these 
interventions? 
 
3. What are the SDUWLFLSDQWV¶VDWLVIDFWLRQRXWFRPHs when compared before and 
after the interventions? Statistically, we are asking if the mean (or medians) of 
the pre-intervention and post-LQWHUYHQWLRQ³SDUWLFLSDQWV¶VDWLVIDFWLRQVFRUHV´ 
different from one another?  
 
1.7 Hypothesis Testing 
(i) We will test the null hypothesis (H0) that the participants-centred outcomes 
(perception of satisfaction) with the functional (chewing and eating abilities) and 
comfort (speaking and social interactions) of their mandibular dentures would 
be the same before and after the interventions. 
 
(ii) The alternative hypothesis (HA) is that the participants-centred outcomes 
(perception of satisfaction) with the functional (chewing and eating abilities) and 
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comfort (speaking and social interactions) of their mandibular dentures will be 
significantly different before and after the interventions. 
 
1.8   Terminology 
The term ³3DUWLFLSDQWV´ instead of ³3DWLHQWV´ had been used throughout this study 
and thesis write-up to reflect the voluntary nature for which the study participants are 





























Mini dental implants (1.8mm to 1.9mm diameter) were first documented in 2004 for 
overdenture use in the fully edentulous mandible (Ahn, An et al. 2004). These 




These implants were used for transitionary purposes only. The implants were in 
function on average 21.2 weeks (ranging 12 to 36 weeks) and were then removed 
without much difficulty. The reported success rate was 100%. 
 
To further understand the suitability of mini dental implants for use as overdenture 
retention, it is essential to explore 3 different domains. These domains are: 
 
1. Biological complications: Survival and success of the mini dental implants in 





2. Mechanical complications: Frequency of prosthetic and mechanical 
complications and maintenance  
 
3. Quality of Life 3DUWLFLSDQWV¶ VDWLVIDFWLRQ DQG FRPIRUW ZLWK WKLV PRGH RI
treatment 
 
Kim et al suggested standardizing the evaluation criteria on treatment outcomes of 
mandibular implant overdentures after his group did a systematic review of the 
literature based on the same topic. He suggested including not only implant survival 
rate and but also the cumulative implant survival rate to better reflect the survival of 
the implants placed based on the number of years that they had been in function.  
 
The latter rate would include censored data such as patients lost to follow-up, and 
this will better reflect the validity and reliability of the study. His group also suggested 
that peri-implant tissue evaluation criteria include marginal bone level, plaque index, 
bleeding index, probing depth, and attached gingiva level. Prosthetic and mechanical 
complications evaluation criteria should include loose matrix, female part detachment, 




Finally standardised quantitative criteria like Oral Hygiene Impact Profile±Edentulous 
(OHIP-EDENT) or Visual Analog Scores (VAS) arH UHTXLUHG IRU SDUWLFLSDQWV¶
satisfaction outcomes (Kim, Shin et al. 2014). 
 
Early studies documented a mixture of various diameters and lengths of mini dental 
implants used and restored with a multitude of prosthetic solutions including, full and 
partial dentures, single crowns and multi-units bridges as well as transitionary 
prostheses. These were done in both the upper and lower jaws. Surgical techniques 
also differ greatly from full flap surgery with grafts to the low trauma option of flapless 
surgeries. 
 
While the results of such studies may be impressive, it was difficult to compare and 
make conclusions as there were too many variables and there were also casual 
association and confounding variables that may affect the final conclusions either 
positively or negatively. Evaluation criteria also differ greatly and it was difficult to 
make direct comparisons between studies. 
 
Recent studies, however, have narrowed the scope considerably. Papers published 
after 2011 showed more uniformity with its approach with regards to surgical 
techniques, with preference to the low trauma option, as well the use of mini dental 
implants as retention for overdentures more exclusively for the fully edentulous 
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patients. While implant survival and success rates ZHUH LPSRUWDQW SDUWLFLSDQWV¶
satisfaction and biological complications, radiographic changes and frequencies of 
prosthetic and mechanical complications and maintenance were also important as a 
total holistic approach and understanding for this mode of treatment. This literature 
review will aim to do that. 
 
Bulard & Vance (Bulard and Vance 2005) in an early study, did a retrospective multi-
centre evaluation of mini dental implants (IMTEC Corporation) 1.8mm-2.4mm in 
diameter used as denture stabilisers. 1029 implants placed were analysed in this 
study. The analysis, representing data collected from 5 clinics in USA, reported a 
cumulative failure rate of 8.83% for mini dental implants in function from 5 months to 
8 years. 
 
Another retrospective analysis of 2514 mini dental implants (IMTEC Corporation) 
placed over a 5-year period was reported in 2007 (Shatkin, Shatkin et al. 2007). Of 
these, 23%, or 578 implants, were placed in the lower mandible for retention of full 
mandibular dentures. The implants used ranged from 1.8mm to 2.4 mm in diameter. 
However, no information was given on the lengths of the implants used. The 





Griffitts and associates (Griffitts, Collins et al. 2005), in a prospective study of 24 
participants, primarily assessed the subjective measures of participant acceptability 
for comfort, chewing ability, retention and speaking ability when mini dental implants 
(IMTEC Corporation)  were used to stabilise existing dentures.  
 
A flap procedure was used and 4 implants of 1.8mm diameter and lengths 10-18mm 
were placed in the anterior mandible. Participants were assessed clinically and 
subjectively. Success rate was reported at 97.8% at 5-month. Subjective evaluation 
by questionnaire indicated high improvement in scores for all categories of 
participant acceptability for comfort, retention, eating and chewing abilities.  
 
Proteasa et al (Preoteasa, Marin et al. 2012) compared 2 cohorts of 18 participants 
each with two treatment alternatives, one with conventional dentures and the other 
with mini dental implants (IMTEC Corporation) supported overdentures. She 
concluded that participants receiving implant supported treatment modality were 
more satisfied with their dentures compared to the control group with none of them 
requiring denture adhesives compared with 28% in the control group requiring the 
use of adhesives. 
 
Tomasi et al (Tomasi, Idmyr et al. 2013) placed mostly 4 mini dental implants 
(Dentatus AB) in 21 participants with a flapless procedure and monitored the 
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SDUWLFLSDQWV¶ UHVSRQVHV WKURXJKDVHULHVRI LQWHUYLHZVDQGTXHVWLRQV7KHGHQWXUHV
were only modified with a soft liner with no actual connection to the mini dental 
implants. They reported a significant increase in Visual Analogue Scale scores for 
denture comfort and retention. However there were no information on the actual 
diameters and length of implants used in the study. 
 
Long-term (10 years or more) or medium-term (5 to 10 years) longitudinal studies, as 
defined by Bidra and Alwas (2013) in their systematic review, for mini implants-
supported overdentures, are non-existent in the literature. Three reports in the 
literature by Elsyad and associates published in 2013 and 2015 (same cohort) 
(Elsyad 2015) and by Proteasa and associates published in 2014 provided some 
insights of the short-term (1-5 years) survival and success of mini dental implants 
when used for overdenture retention. Both these studies by the 2 different groups of 
researchers as reported below provided an interesting and uniform look at the 
performance of mini dental implants as retention aids for full dentures. 
 
Proteasa et al (Preoteasa, Imre et al. 2014) placed 110 mini dental implants 
(IMTEC/3M ESPE)  of various length (10mm to 13mm)  and diameters (1.8mm to 2.4 
mm) in the mandible and maxilla of 24 participants. The edentate mandible received 
4 such implants and the edentate maxilla 6 such implants.  She reported a 
cumulative implant success rate of 92.7 % over 3 years. The study also reported 
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high incidences of mechanical complications of the overdentures such as fractured 
overdentures and numerous relines and repair of detached parts and components. 
3DUWLFLSDQWV¶ VDWLVIDFWLRQ ZDV reported to be good but there were not qualitative 
indicators such as use of questionnaires or the Visual Analogue Scale. 
 
Elsyad & associates (Elsyad, Gebreel et al. 2011) placed four 1.8mm diameter mini 
dental implants (IMTEC Corporation) of lengths ranging 12 to 18 mm length for 28 
participants and observed them for a mean period of 3 years. 4 of the implants failed 
and all 4 were of 14mm length and not the shortest implant length of 12 mm that was 
used in the study.  
 
Elsyad and associates also reported a 5-year report of the same cohort in 2015 
(Elsyad 2015). Out of the initial 28 participants in this longitudinal study, 24 
participants completed the 5-year review. This 5-year report gave no update of the 
loss of survival of the mini dental implants placed. Nor were there any report on the 
clinical and radiographic assessments of the mini dental implants. Instead, there was 
D YHU\ GHWDLOHG UHSRUW RI SDUWLFLSDQWV¶ VDWLVIDFWLRQ ZLWK WKHLU LPSODQW VXSSRUWHG





7KH SDUWLFLSDQWV¶ VDWLVIDFWLRQ ZLWK WKH RYHUGHQWXUHV ZHUH LQYHVWLJDWHG WKURXJK 
questionnaires (Naert, Alsaadi et al. 2004, Mericske-Stern, Probst et al. 2009) which 
included both YES/NO answers as well as a Visual Analogue Scale from 0 to 10 cm. 
Elsyad concluded from this 5-\HDU IROORZ XS WKDW WKH SDUWLFLSDQWV¶ VDWLVIDFWLRQZLWK
their mini dental implant supported mandibular overdentures increased significantly 
over time. In this 5-year report he compiled data at 6-month, 1-year, 3-year and 5-
year intervals and demonstrated statistically significant changes in satisfaction levels. 
Interestingly, within the cohort, the stability, retention and satisfaction with their 
opposing maxillary conventional dentures actually decreased. 
 
Elsyad also concluded the most common prosthetic and mechanical complications 
were wear and replacement of the O ring attachments, denture relines, denture 
fractures as well as detachment of the metal housings for the implants. 
 
A recent randomised clinical trial study, published in 2015 (de Souza, Ribeiro et al. 
2015) after the completion of our current 24-month trial, compared 3 groups of 
participants who received 4 mini dental implants (Intra-Lock International Inc.) (2.0 
mm diameter by 10 mm length), 2 mini dental implants (Intra-Lock International Inc.) 
(2.0mm diameter, 10.0mm length) and 2 standard implants (4.0mm diameter, 
10.0mm length) respectively. This was indeed the first RCT study involving mini 
dental implants in comparison to standard diameter implants for retention of 
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mandibular full dentures. However the length of the current report was only 12 
months and it would be interesting to evaluate longer term reports of the same 
cohort. 
 
A total of 120 participants were enrolled in this 3-paralell group randomised trial with 
a follow up of 12 months. The groups were compared based on participants-centred 
RXWFRPHV QDPHO\ TXDOLW\ RI OLIH DQG SDUWLFLSDQWV¶ VDWLVIDFWLRQ questionnaires. 
Biological and mechanical complications including implant survival were also 
recorded and compared. 
 
The study found that mini dental implants-supported mandibular overdentures 
achieved better participants¶ SHUFHSWLRQV and quality of life parameters compared 
with the control group treated with 2 standard size implant fixtures. It was interesting 
to note that this was regardless of whether the 2 or 4 mini dental implants were used, 
lending evidence that the number of implants used made no difference to the 
SDUWLFLSDQWV¶VDWLVIDFWLRQAs expected, this comparative study showed a significantly 
higher biological or implant failure rates among the mini dental implant groups as 
compared with the standard diameter implant group. Mechanical wear comparisons 
for the attachments between the groups were about the same, suggesting that the 




Several other studies have demonstrated that mini dental implants were subjected to 
greater micro strains as compared to standard diameter implants due to the smaller 
surface area contacting the surrounding bone (Sallam, Kheiralla et al. 2012). These 
mini dental implants also underwent deformation and fracture under load as 
described by other studies (Simon and Caputo 2002).  In the study by Sallam et al, 
the microstrains recorded by the mini dental implants (Screw Plant, Implant Direct) 
were much higher as compared to standard diameter implants (Screw Direct, Implant 
Direct) in similar FPD designs when a vertical loads of 300Ncm were applied to 
models simulating mandibular free-end saddle set up.  
 
The 2015, 3-parallel group study by de Souza et al, also suggested that peri-crestal 
incision procedures carried out for all the 3 groups showed no significant effect of 
operative techniques on pain and discomfort during the 7-day period after implant 
insertion (Ribeiro, Della Vecchia et al. 2015). This was in contrast to a systemic 
review done in 2012 (Bidra and Almas 2013) where the authors found overwhelming 
evidence in the literature reviewed that the advantage of mini dental implants were 
that they were ³DOmost always placed through a flapless surgical procedure, which 
was known to decrease post-surgical discomfort and morbidity for patients.´ 
 
In the same systematic review, the authors searched for articles on all the various 
terms for mini dental implants, including narrow diameter implants, reduced diameter 
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implants, small diameter implants, transitional implants, interim implants, and 
provisional implants. The period searched was from January 1974 to April 2012. The 
authors found only 9 articles from which qualitative and quantitative data can be 
extracted for analysis. Of the 9 studies, 1 was a randomized controlled trial, 2 were 
prospective studies and 6 were retrospective studies.  
 
Using the same search criteria and extending the search from April 2012 to February 
2016, another 5 additional articles were found, of which 3 were cohort studies 
(Preoteasa, Imre et al. 2014) (Scepanovic, Calvo-Guirado et al. 2012) (Muller, 
Duvernay et al. 2013), 1 was a retrospective study (Schwindling and Schwindling 
2016) and another 1 was a randomised clinical trial (de Souza, Ribeiro et al. 2015). 
This comparatively marked increased in publications of this topic meant an 
increasing interest in this field of dentistry. 
 
Finally Klein et al (Klein, Schiegnitz et al. 2014) in a systematic review on success of 
narrow-diameter dental implants, identified only 10 papers, up to 2014, for implants 
less than 3.0mm diameter. These 10 papers included both for edentulous as well as 
for single non-load bearing sites implants. Klein et al also reinforced the definition for 
mini dental implants to include implants ranging from 1.8mm to 2.9mm in diameter 
and suggested the use of WKHWHUP³QDUURZGLDPHWHULPSODQWV´ for implants between 
3.0mm to 3.5mm in diameter. Klein et al also concluded that despite the fact that 
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more than 3,000 mini dental implants were documented; nearly nothing is known 



































The purpose of this study was to evaluate the biological, mechanical and 
participants-centred outcomes with the use of 2 mini dental implants of 2.1mm 
diameter and 10mm length for the retention of the complete mandibular denture in a 
fully edentulous patient. 
 
3.2 Hypothesis 
The null hypothesis (H0) tested was that the participants-centred outcomes 
(perception of satisfaction) with the functional (chewing and eating abilities) and 
comfort (speaking and social interactions) of their mandibular dentures would be the 


























This study was designed as a prospective cohort of 24 months duration and 
FRQGXFWHGDWDVLQJOHFHQWUH*UDGXDWH6WXGHQWV¶&OLQLFDWWKH)DFXOW\RI'HQWLVWU\
National University of Singapore.  
 
4.2 Approvals 
The study received the approval of the Domain Specific Review Board (DSRB), 
Office of Human Research Protection Program of the National Healthcare Group, 
Singapore (DRSB Reference Number: 2011/00203). 
 
4.3 3DUWLFLSDQWV¶6HOHFWLRQ 
Fully edentulous patients, requesting more retentive lower dentures, were 
systematically referUHGIURPWKHYDULRXV8QLYHUVLW\¶VRXWSDWLHQWDQGVWXGHQWV¶FOLQLFV
from October 2011 to June 2013.      
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Inclusion criteria for sample selection include having reasonably well-fitting dentures 
that were deemed to benefit minimally with another newly constructed mandibular 
full dentures.  
 
Well-fitting dentures, in this context, meant that under clinical evaluation, they 
provided sufficient coverage of the oral tissues for support of the dentures, the 
retention and stability of the dentures were acceptable (no movement of lower 
denture when rotated on ridge), the occlusion and maxilla-PDQGLEXODUUHODWLRQVKLSV¶
were correct. The dentures should also have sufficient vertical space of at least 3mm 
to provide space for male and female components of the retention system. The 
dentures must also have teeth set-up and positions that were acceptable and 
thickness and quality of the dentures that were assured so that it would minimise 
post treatment mechanical complications such as fractures and dislodgement of the 
metal housings of the overdentures. 
 
Participants selected must also be medically fit for simple, low-trauma, minor oral 
surgical procedures, specifically for the placement of mini dental implants. In this 
context, low-trauma, minor surgical procedure was the equivalent to that of a simple 




Exclusion criteria included participants with co-morbidities such as those with severe 
systemic diseases such as uncontrolled hypertension or uncontrolled diabetes 
mellitus, participants on particular medications such as bisphosphonates, or 
participants who had undergone head and neck radiation therapy because of the 
inherent risks associated with surgery and healing. Participants who were unable to 
commit to the number of appointments required to complete this trial at the 
University Hospital Clinic as well as those unable or unwilling to give consent in 
writing were also excluded. 
 
Participants were not excluded based on age, gender, ethnicity or other socio-
economic factors or dental related factors. Participants were truly volunteers and 
were not induced monetarily or given incentives to participate. 
 
41 such patients (12 males, 29 females) presented consecutively for Examination 
and Diagnosis. After explaining to the patients the treatment steps and the 
commitment required for this study, a total of 31 patients (10 males, 21 females) 
gave their voluntary consents and agreed to proceed. Table 1 gives the 







Table 1. Demographic and amnaestic information of selected patient sample 
 
 
Age, mean (min - max)  
 
68 (36 -85) 
 
 
Males / Females 
 
n=10  / n=21  









   On medication 
   Cardiovascular disease 









The two interventions for this study were interrelated and staged consecutively one 
after the other. The first intervention was the surgical placement of the 2 mini dental 
implants. The second intervention was the modification oIWKHSDUWLFLSDQWV¶GHQWXUHV
to connect the dentures to the implants for function and loading. 
 
Both the interventions satisfied the three general characteristics of generalisability, 
complexity and strength. For generalisability, it was accepted that these 2 
interventions were likely to be implemented in usual dental general practice and the 
results of this trial would be useful in practice. Secondly, these interventions reflect 
the complexity that was normal in real-world treatment plans and lastly, these 
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interventions were sufficiently different from alternative managements that it is 
reasonable to expect that the outcome will be affected. 
 
First Intervention (Surgical) 
After the initial appointment, all participants were given oral and written information 
RIWKHVWXG\LQ OD\PDQ¶VWHUPV (Appendix 1). The participants were further given a 
one-week cooling off period to consider the proposed treatment after written consent 
was obtained. 
 
Radiographic stent  
In a subsequenWDSSRLQWPHQWWKHSDUWLFLSDQWV¶ lower dentures were assessed for its 
modification into a radiographic stent. The relationship between the denture and 
acrylic teeth position in relation to the residual ridge were noted. The proposed 
implants placement positions were scored with a marker on the ridge and on the 
tissue surface of the denture. These were usually at the 33 and 43 sites. A 1.1mm 
pilot drill bur was used to create a hole to act as a stent for the proposed positions of 
the implants at 33 and 43 sites. The holes were then filled with gutta percha. This 
modified denture was then used as a radiographic stent (Figure 1). A cone beam CT 





Figure 1. Modified denture used as radiographic stent ± occlusal view 
 
 
The results of the CBCT imaging (Ez3D Professional Software, ver 1.2.6.2, Vatech 
Co. Ltd) were used to determine the final positions of the 2 implants (Figure 2). 
Participants must have sufficient bone width and bone height to enable an implant of 






Figure 2. Cone beam CT image used to determine final position of implant 
 
 
Low Trauma Flapless Surgery 
Participants were then prepared for a low-trauma, flapless surgical procedure under 
local anaesthesia at the University Dental Clinic at the National University Hospital.  
The filled gutta percha LQWKHSLORWGULOOKROHVRIWKHSDUWLFLSDQWV¶GHQWXUHVZHUH then 
removed and cleaned. If suitable, the lower denture was used as a surgical stent for 
the placement of the implants. A 1.1mm, 3M MDI Surgical Drill, (sterile and single 
use) was used as a pilot drill through the surgical stent at one site. Care was taken to 
accurately use the surgical stent by ensuring that the stent/denture remained fixed 
and stable during this step. Once the first drill was in position, it was left in situ and 
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acted as a paralleling post guide for the osteotomy and placement of the implant at 
the second site, in addition to the use of the surgical stent.  A 2.1 mm diameter, 
Collared O-Ball, (3M ESPE MDI) Mini Dental Implant with 10 mm length (REF 
S1810I0B, LOT N387538) was auto advanced using both the finger and ratchet 
wrenches at both sites. All parts of the threaded portions were embedded in bone 
and the collared portion was surrounded by soft tissue. The O-Ball portion was 
clearly positioned above the soft tissues. A panaromic radiograph was taken for each 
participant to serve as the baseline record for radiographic evaluation. 
 
Denture Reline after First Intervention 
ParticipantV¶ lower dentures, at the position of the implants, were relieved and relined 
with 3M Soft Reline Kit. Participants were instructed to be on soft diet for one week 
and were prescribed painkillers and mouthwash. Participants were asked to return 7 
days later to evaluate post-operative experience including pain and soreness. They 
were then asked to return 2 months post-surgery for the second intervention. This 
LQWHUYHQWLRQ ZDV WKH PRGLILFDWLRQ RI WKH SDUWLFLSDQWV¶ H[LVWLQJ GHQWXUHV WR DOORZ
connection to the implants and provide retention to the mandibular dentures 
(prosthetic procedure). This 2-month wait was to allow the mini dental implants to 





Second Intervention (Denture Connection to Implants) 
At 2-month post implant insertion, participants returned for the prosthetic stage of the 
treatment (Figure 3). Implant survival evaluations, peri-implant tissue evaluations 
and prosthetic mechanical complications evaluation due to the dentures were 
recorded. These criteria are elaborated further under ³2XWFRPHV´)LJXUH 
 
Figure 3. Mini dental implants in-situ 
 
 
The soft tissue reline PDWHULDOVIURPWKHSDUWLFLSDQWV¶GHQWXUHVZHUH removed and the 
dentures were thoroughly cleaned and polished. Two metal housings caps (3M 
ESPE MH-2 Micro Metal Housing (REF MH-2, LOT N278946) with a height of 
3.3mm and diameter of 4.3mm were fitted over the O-ball of the 2 mini dental 
implants in the mandibles. The lower dentures were further relieved at these sites so 
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that the dentures sat comfortably in the mouth with no contact on the 2 metal 
housings. 
A chair-side, acrylic, self-polymerizing material (3M SECURE Hard Pick-Up) was 
used to connect the 2 Metal Housings to the existing lower denture. Participants 
were asked to bite closely on the dentures until the reline material had set to 
maintain the occlusal relationship. The material was polished and properly relieved 
from the soft tissues.  (Figure 4) 
 
Figure 4. Lower denture relined with metal housings for connection to implants 
 
 
Participants were given instructions on the proper care of the relined denture 
including how to remove the dentures in the proper path of withdrawal without putting 
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tensile stress on the implants. A 3-month, 6-month, 12-month, and 24-month review 
protocol was instituted.  
 
4.5 Outcomes  
Interventions outcomes were compared before and after the provision of the 2 mini 
dental implants, and, before and after the modifications of the mandibular denture for 
connection to the implants. These outcomes were categorised into 5 different 
domains (Kim, Shin et al. 2014). A single operator, namely this author, did all 
outcomes measurements or recordings.  
 
After the first intervention, the following outcomes were measured and/or recorded: 
1)  Presence of pain at 7-day post-operative review appointment after implants 
insertion was recorded. 
2)  Implant survival (2-month post-operative): The presence or absence of the 
implants was recorded. In the event of absence of implants, the timing of the 
lost implant(s) as well as any contributing factors was recorded.   
 
 As with the study protocol, participants who lost one or more implants were 
given the option to undergo the same procedure a second time and would 




 Implant survival was recorded if it was not indicated for removal due to its 
mobility, presence of pain and suppuration, tenderness on percussion and 
presence of radiographic lesions indicating the lack or failure in 
osseointegration (Mombelli and Lang 1994). 
 
 In addition to the above, the implants will be considered successful only if they 
are able to function by providing retention to the mandibular dentures.  
 
3)  Peri-implant tissue health parameters such as Probing Depth (PD), Gingival 
Index (GI), and Plaque Index (PI) were recorded. PD was recorded by a single 
operator, namely, this author; from the marginal border of the gingiva to the tip 
of the probe at 4 sites (buccal, lingual, distal and mesial) of the mini dental 
implants. A non-pressure controlled (manual, first generation) probe (Williams 
Probe) was used with visual recording. The measurements were taken at 2 
different occasions at each visit, namely at beginning and at the end of the 
appointment, approximately 30-45 minutes apart. Good intra examiner reliability 
was achieved with the PD measurements for the same sites and participants 
taken at the two different times (less than 10% difference).  
 
 The GI and PI were also recorded by the author at the same 4 
locations/surfaces of the implants as above. 
40 
  
After the second intervention, the following outcomes were measured and/or 
recorded. 
1) Implant survival as detailed above 
  
  
2)  Peri-Implant tissue health parameters as detailed above. 
 
3)  Radiographic bone loss measurements.  
 Measurements from the panaromic radiographs taken at the time of the first 
intervention (implant placement surgery) were compared with panaromic 
radiographs taken at 12-month and 24-month after the second intervention 
(loading of implants).  
 
 The vertical distance from the top of the collared O-ball of both mini dental 
implants to the first bone-to-implant contact (BIC) were measured and recorded 
on both mesial and distal side of each implant on both radiographs (Line CB 
Figure 5i).  
 
 A single operator, namely this author, did all the radiographic measurements. 
All measurements were done at the end of the 24 months trial for all the 
participants of the study and took 1 week for completion. All measurements 
were repeated again 2 weeks later. Good intra examiner reliability was 
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achieved with less than 10% difference in the 2 sets of readings. The difference 
in these lengths at different time intervals was recorded as the Vertical Bone 
Loss in mm.  
 
 Horizontal Bone Loss change was measured, also in mm, as the dotted Line C 
in Figure 5ii. Similarly, the differences in lengths at the different time intervals 
were also recorded. Measurements protocol for intra examiner standardisation 
was repeated as for Vertical Bone Loss change outlined above, with similar 
reliability. 
 
 The magnification factor (if any) was calculated accordingly by comparing the 
actual length of the implant with the length of the implant in the radiographic 
image. The protocol was to repeat the radiographs (with consent of the 
participant concerned) if they were not of diagnostic value due to image 
distortion or any other reasons. Only 2 such occasions occurred and both 
participants were agreeable for the repeat radiographs as they both 







Figure 5i. Vertical Bone Loss Measurement in mm 
 
 




4)  Prosthetic and Mechanical Complications such as denture fractures, number 
of relines required, denture soreness, occlusal adjustments, replacements of 
the overdenture housings, detachment of acrylic matrix used to hold the 
housings and replacement of the retentive O ring elements in the metal 
housings were recorded at they happened throughout the trial. 
 
5)  Participants-Centred Outcomes were measured before and after the 2 
interventions. These were quantified by means of their quantitative responses 
to a 2-question questionnaire related to their satisfaction with their dentures in 2 
specific aspects, namely functional use (during eating and chewing) and social 
use (during speech and interactions). As no new dentures were fabricated for 
this study, questions on aesthetics, facial tissues support and general denture 
comfort were eliminated from the criteria proposed by Awad et al (Awad and 
Feine 1998).  
 
 Participants provided their answers and feedback on a 10-cm visual analog 
scale, with the values of 0-cm and 10-cm representing complete dissatisfaction 
and complete satisfaction respectively (APPENDIX 2). Furthermore the 
SDUWLFLSDQWV¶ H[LVWLQJ GHQWXUHV DQG 9LVXDO $QDORJ 6FDOH VFRUHV EHIRUH WKH




4.6 Outcome Intervals (Table 2) 
 
1. Implant survival and success rates were determined at 2-month after the first 
intervention and at 12-month and 24-month after the second intervention. 
 
2. Peri-implant health tissues parameters were recorded at 2-month after the 




3. Panoramic radiographs were taken at the start of the study and at 12-month 
and 24-month interval after the second intervention.  
 
4. Mechanical and prosthetic complications were recorded throughout the trial 
as they occurred. 
 
5. Participants-centred outcomes (VAS Scores) were determined at start of the 
study (before the first intervention) and at 3-month, 12-month and 24-month 






Table 2. Outcome Intervals 
INTERVALS 
 First Intervention Second Intervention 
Outcome 
 

















2. Implant Survival Rates 
 
- 2-mth - - 24-mth 
3. Peri-implant Health Tissues 
Parameters 
 
- 2-mth 3-mth 12-mth 24-mth 
4. Radiographic measurements 
 
- - - 12-mth 24-mth 
5. Prosthetic and Mechanical 
Complications 
- -  




- - 3-mth 12-mth 24-mth 
 
 
4.7 Sample Size 
The trial considered the participants-centred outcomes, namely the VAS Scores for 
satisfaction of their dentures before and after the two interventions (at 0-month and 
at 3-month, 12-month and 24-month) as the primary outcomes. 
 
Sample size was calculated using PASS 14 by NCSS Statistical Software. Also 
taken into consideration were other similar studies with published data on 
participant-centred satisfaction outcomes using the Visual Analog Scale. A sample 
size of 20 achieves 81% power to detect a mean of paired differences of 2.0 ( 2.0cm 
difference on the VAS) with an estimated standard deviation of differences of 3.0 and 
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with a significance level (alpha) of 0.05 using a two-sided paired t-test. A final 
number of 31 patients were enrolled for possible losses throughout the duration of 
the trial. 
 
4.8 Data Analysis  
The data collected were analysed using SPSS Program version 23 statistical 
software. One-sample Kolmogorov-Smirnov tests were used to test for normality of 
data distribution. The analysis followed a nonparametric approach for all the 
variables. Descriptive data analyses included median, with minimum and maximum 
(min±max) values for VAS scores, Plaque Index (PI) Scores, Gingival Index (GI) 
Scores, Probing Depth (PD) Scores and Radiographic Measurements (Horizontal 
Bone Loss and Vertical Bone Loss). 
 
Friedman Test was used to compare the differences between the median scores of 
these variables at different observation times and the Wilcoxon Signed Rank Test for 
repeated measures was used to compare between each two-observation times. A p-

























41 participants presented requesting a more comfortable and retentive lower full 
dentures. After receiving detailed information about the study, 31 participants agreed 
to proceed with the treatment and were enrolled in the study. Participants (n = 31) 
were aged 36 to 85 years old, were in good health, already had fairly well-fitting 
dentures and were considered fit to undergo the 2 interventions for the trial. 
 
Of the participants who did not proceed with the study (n = 10) (2 males, 8 females), 
8 participants (1 male, 7 females) cited fear for the proposed treatment protocol and 
2 were excluded as their anterior mandible residual bone heights were less than 
10mm.  
 
The heterogeneity of the sample obtained was intended to reflect good external 
validity in recreating general dental practice conditions as the participants were 
accepted into the trial as they presented consecutively to be considered and after the 




All participants (n = 31) received the first intervention of the placement of 2 mini 
dental implants in a low trauma, flapless surgery. Almost all participants (n = 27) 
proceeded to receive the second intervention of denture modification and connection 
to the implants to evaluate the various outlined outcomes.  
 
Most of the participants (n = 25) provided data at 3-month, 12-month and 24-month 
after the second intervention. Reasons for withdrawal included failed osseintegration 
after the first intervention and refusal to continue with the trial (n = 4) and lost to 





















5.1.1 Post-Operative Pain after Surgery 
Most participants reported minimal or no pain on presentation at the 7-day 
review (n = 23) with most reporting the pain as less than that of an 
uncomplicated tooth extraction. Some (n = 8) complained of ongoing discomfort 
of which led to implant loss (n = 4) while the rest (n = 4) had complete 
resolution of their symptoms prior to the second intervention. (Table 3) 
 
Table 3. 7-day post-operative pain 
7-day Post-Operative Pain 
 Frequency Percent Valid Percent Cumulative Percent 
 NO 23 74.2 74.2 74.2 
YES 8 25.8 25.8 100.0 
     
 
 
5.1.2 Implant Survival and Success Rates 
At 2-month after the first intervention (low trauma placement of implants), 11 
of the 62 mini dental implants placed were lost making a survival rate of 82%. 
3 of the lost implants were successfully replaced and these participants 




At 24-month after the second intervention (modification of the denture and 
loading of the implants) 2 participants were lost from follow-up (n = 4) and 5 of 
the 50 remaining implants were lost. Implant survival and success rates were 
calculated according to the life table analysis proposed by Cutler and Ederer 
(Cutler and Ederer 1958) (Appendix 4). The 2-year implant survival rate was 
93.8% and the 2-year cumulative implant survival rate was 90.1%. The 2-year 
implant success rate was 93.8% and the 2-year cumulative implant success 
rate was 86.5%. (Table 4) 
 
Implants that had adverse peri-implant health parameters were the failing 
implants and were subsequently lost or removed. Table 5 details all the 
relevant findings. Participants 24, 25 and 10 lost 1 implant each by the end of 
the study, but continued to function with a single implant left retaining their 
mandibular denture with no further complaints or complications.            
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Table 4. Survival/Success Rate and Cumulative Survival/Success Rate of Implants 
 






























      





















      
        0-12 54 4 52 4 92.3 92.3 
       
12-24 48 0 48 0        93.8 86.5 






Table 5. Timing of lost implants after loading and function 
 








25 1 12 
13 1 14 
13 1 15 







5.1.3 Peri-Implant Tissue Health Parameters  
The various scores for Plaque Index (PI), Gingival Index (GI) and Probing 
Depth (PD) taken at the various outcome intervals observation times were 
detailed in Table 6. The differences for PI and GI scores across the 
observation times of 3-month, 12-month and 24-month were found to be 
statistically significant (Friedman Test).  
 
Table 6. Median (min-max) Plaque Index (PI), Gingival Index (GI), Probing Depth (PD in mm) and 
Vertical and Horizontal Bone Loss (in mm) at different observation times: at loading, 3-month, 12-




At time of 
loading 
3 months after 
loading 
12 months after 
loading 


































Vertical Bone Loss Median 
(min-max) (mm) 
 
0 - -2.0 
(-0.75 to -3.25) 
-2.25 
(-0.88 to -5.0)   
.00 
Horizontal Bone Loss 
Median (min-max) (mm) 
0 - -0.5 
(-1.75 to 0) 
-0.5 
(-2.25 to 0) 
.00 
      
 




PD scores at 12-month and 24-month were also significant compared to at time of 
loading (Friedman Test); however these were no significant differences between 12-
month and 24-month (Wilcoxon Signed Ranks Test). 
 
Radiographic 'BIC (change in bone-to-implant contact) measurements of vertical 
and horizontal bone loss on mesial and distal of the 2 implants were statistically 
significant across all the observation times from time of loading to 12-month and 24-
month (Friedman Test). Horizontal bone loss, however, between 12-month and 24-
month observation times were not significant. (Wilcoxon Signed Ranks Test as seen 













Table 7. Median (min-max) Plaque Index (PI), Gingival Index (GI), Probing Depth (PD in mm) and 
Vertical and Horizontal Bone Loss (in mm) at different observation times: at 12-month and 24-month. 
 
* Changes for scores within each group between the 2 observation times were tested using 2-sided 





 12 months after loading 24 months after loading 
Change* P Value 




























(-0.75 to -3.25) 
-2.25 






(-1.75 to 0) 
-0.5 
(-2.25 to 0) 
        .10 
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5.1.4  Prosthetic and Mechanical Complications 
Complications and adverse events affecting the modified dentures were high (Table 
8). Most common complication was the worn off O rings that were the retentive 
elements of the overdentures. Denture fractures were also frequent and some 
occlusal adjustments and relines were also required. Table 8 lists the total numbers 
of prosthetic and mechanical complications that occurred for all the participants, 




Table 8. Total number of Prosthetic and Mechanical complications of all participants during the study 
period 
 
 Total number in 24 months 
Occlusal and Denture Base adjustments 
 
24 




Acrylic fracture at midline   6 
Acrylic fracture at housing  12 
Acrylic fractures at extension areas   6 







Dislodged Metal Housings 
 
6 
Worn out O-rings 
Minimum time to replacement   4 months 
Maximum time to replacement  24 months 
Mean replacement time  7 months 
Most number of replacements  35 between 6 to 9 months 
 
50 
New Denture Fabrication  
Reasons 
Needed spare set due to frequent repairs/fractures   3 





5.1.5 Patient-Centred Outcomes 
The VAS scores obtained for denture satisfaction with function (Question 1: chewing 
ability) before intervention were significantly low. The median (min±max) values for 
VAS score for functional use (during eating and chewing) was 2.00 (1.00 - 5.00) and 
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this changed significantly to 10.00 (8.00 ± 9.00), 9.50 (8.00 ± 9.00) and 10.00 (8.00 ± 
9.00) at outcome observation times of 3-month, 12-month and 24-month respectively. 
 
Similarly the VAS satisfaction scores for comfort (Question 2: speaking and social 
interaction) also showed significant changes in the median (min-max) scores as 
seen in Table 9. 
 
Results of Friedman Test indicated that there was a statistically significant difference 
in VAS satisfaction scores for both Question 1 and 2 across all the 3 outcome 
observation time intervals of 3-month, 12-month and 24-month with p < 0.05.  




Table 9. Participants-centred outcomes at baseline (control ± before treatment) and at 3-month, 12-




 Min Max 
  
 Median  
Change*  P 
Value  
VAS Question 1 before treatment 1 5  2.00  - 
VAS Question 1 at 3 months 8 10  10.00  .00 
VAS Question 1 at 12 months 8 10  9.50  .00 
VAS Question 1 at 24 months 8 10  10.00  .00 
  
 Min Max 
  
 Median    Change*  P Value  
VAS Question 2 before treatment 1 5  2.50 -  
VAS Question 2 at 3 months 8 10  9.00 .00  
VAS Question 2 at 12 months 8 10  9.50 .00  
VAS Question 2 at 24 months 8 10  10.00 .00  
 

























This study sufficiently addressed all the research questions asked and demonstrated 
that 2 mini dental implants can successfully support a mandibular denture in totally 
edentulous participants based on patient-centred outcomes of satisfaction with 
chewing ability and comfort of their denture. 
 
The study also demonstrated that at 24-month, the peri-implant tissue health 
parameters and radiographic findings of the osseintegrated mini dental implants 
were study were good to excellent. 
 
All the 50 implants placed for the 25 participants reviewed indicated a 92.3% 
cumulative implant success rate at 12-month and 86.5% at 24-month. Success here 
was defined as implants present and able to retain the dentures without any 
significant signs and symptoms. 3 participants who lost at least 1 implant each 
reported no associated pain at this loss. All 3 of them continued using the 
overdenture and expressed satisfaction at 24-month review with the remaining 1 




While vertical bone loss appeared to continue at 24-month, probing depths and 
horizontal bone loss were not significant between 12-month and 24-month indicating 
continuing stability of the mini dental implants. Participants also had increased 
plaque and gingival bleeding scores at 24-month. Due to the small surface area and 
size of the mini dental implants, the scores for PI and GI may be challenging to 
evaluate as the bleeding or plaque from one site may affect the count for another 
adjacent site. However, intra examiner reliability was good as mentioned earlier 
based on at least 2 readings taken for the same site and for the same participant at 2 
different times. 
 
The loss of the 5 implants in the 4 patients for the 24-month duration of the study 
seemed to indicate that lateral tensile forces might not be tolerated well by the mini 
dental implants. All 4 patients reported difficulty in removal of the mandibular denture 
because of reduced dexterity due to age and disease and also reported that they 
had to spend much time in inserting and removing the mandibular overdentures. 
 
The interventions were also associated with high incidences of prosthetic 
complications requiring multiple appointments for repair and restoration of the 
dentures. The retentive O rings required changing every 6-9 months depending on 
the individual participants. Failure rates of the implants due to lack of 
osseointegration were also considerable after the first intervention but replacing the 
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lost implants enable these participants to continue with the study and avoid 
withdrawals.  
 
The empirical biologic and monetary costs for the corrections of these prosthetic 
complications, adverse events and implant replacements were low compared to the 
benefits that these interventions offered in terms of participants¶ satisfaction with 
their dentures. 
 
The results obtained in the various outcome domains in this trial were comparable to 
similar studies covered in the literature review. (Sohrabi, Mushantat et al. 2012) 
(Preoteasa, Imre et al. 2014) (Elsyad 2015) However, to the best of my knowledge, 
this was only the second study that standardised the use of only 2 mini dental 
implants of the same length and diameter (in the same cohort) to provide retention 
for a mandibular denture. The trial also standardised the length and diameter of 
implants used as this would reduce any confounding effects of the length and 
diameter of the implants on the results. Most studies measured the outcomes using 
various numbers of implants, of differing lengths and diameters but compared the 
same satisfaction outcomes.  
 
The first similar study that included 2 mini dental implants supporting mandibular 
dentures (de Souza, Ribeiro et al. 2015) was completed in Brazil. The 12-month 
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report was published in 2015 at the tail end of this 24-month trial. That study also 
demonstrated that the 2 mini dental implants-supported overdentures achieved 
EHWWHU SDUWLFLSDQWV¶ satisfaction compared to one that was supported by standard 
diameter implants. This supported another study that did not find differences 
comparing distinct numbers of implants for retaining overdentures. (El-Sheikh, 
Shihabuddin et al. 2012) 
 
The use of 2 instead of 4 implants would also reduce the potential trauma inflicted on 
patients and the cost and clinical time required for the surgical and prosthetic 
procedures. This would also reduce the errors in implants placement as well as 
increase the indications for participants with anatomically smaller mandible. 
 
The use of patient-centred outcomes to measure satisfaction had been lauded as the 
best descriptor of the consequences of oral disorders and treatment (Slade 1998). 
Patient-centred outcomes such as the VAS, Oral Health Impact Quality of Life 
(OHIQoL), Oral Health Impact±Edentulous (OHI-EDENT), Oral Health Impact Profile-
49 (OHIP-49) etc differs in the number of questions asked and the varying weightage 
assigned to the different domains. 
 
In this trial, we decided on a simple 2-question VAS to allow better internal validity as 
the participants may not be able to cope with a more complex index of various 
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domains. VAS has also been shown to correlate strongly with more complex Quality 
of Life (QoL) indices. (Wehby, Naderi et al. 2014) 
 
Patient-centred outcomes were only taken at 3-month, 12-month and 24-month and 
compared to before intervention to avoid possible scale recalibration (Schwartz and 
Sprangers 1999, Sprangers and Schwartz 1999) through the phenomenon of 
³UHVSRQVHVKLIW´(Ubel, Peeters et al. 2010) which is very commonly associated with 
SDUWLFLSDQWV¶ LQWHUSUHWDWLRQRIVXEMHFWLYH UHVSRQVHVFDOHV LQKHDOWK-related quality of 
life (HRQoL) outcome measures. 
 
The changes in the median scores of the participants¶-centred outcomes were 
statistically significant (p < 0.001) and hence null hypothesis for this study was 
rejected. What was more clinically relevant was that we could see the joy and 
gratitude of the participants after these interventions that cannot be sufficiently 
captured by qualitative data or descriptive statistics. 
 
The study sample was small but sufficient for this trial as the effect change 
measured, that is, the median VAS before and after the 2 interventions, was large. 
This commensurate with similar studies measuring similar effect changes on OHIP-
QoL indices (Preoteasa, Imre et al. 2014) (Elsyad 2015). Another limitation was the 
heterogeneity of the sample as they were admitted into the trial consecutively. 
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However, other authors have suggested lack of association, factors such as age and 
JHQGHU GLVWULEXWLRQV PD\ KDYH ZLWK SDUWLFLSDQWV¶ VDWLVIDFWLRQ VFRUHV IRU LPSODQW
supported overdentures. (Erkapers, Ekstrand et al. 2011) (Heydecke, Locker et al. 
2003). There were 2 withdrawn participants due to severe illness and lost in contact 
respectively. 
 
Longer follow-up time for this trial would also be favourable however we must be 
cautious about the multiple VAS scores regressing to the population mean as 
explained earlier.  
 
While number of lost implants and prosthetic complications may not extract high 
biologic or monetary costs, it was still a burden for the elderly (and their caregivers) 
to attend multiple appointments to have repairs and corrections done to the dentures 
after the 2 interventions.  Future studies could perhaps consider what impact, if any, 
these repeat appointments may have on particiSDQWV¶ RYHUDOO VDWLVIDFWLRQZLWK WKHLU
dentures. 
 
Finally, instead of increasing the number of mini dental implants to be placed to 
support the mandibular overdenture, more studies should be done to identify and 
mitigate factors such as masticatory force, eating habits and parafunctional habits 
that might have deleterious effects on the less than optimal bio-mechanical strength 
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of mini dental implants.  Research and innovation on the other hand should focus on 
increasing mechanical and biological properties of mini dental implants without 




























Within the limitations of this study, the results showed that SDUWLFLSDQWV¶ satisfaction 
and the clinical peri-implant tissue health responses to a delayed loading of 2 mini 
dental implants of 2.1mm diameter and 10mm length to retain mandibular 
overdentures were favourable after a 24-month trial. These implants can be placed 
surgically in a low trauma, flapless surgical procedure, with minimal 7-day post-
operative pain. This therapy would be greatly beneficial especially to the elderly 
population due to its simplicity, low cost, low morbidity compared to its benefits in 
improving the functional and social aspect of the lower mandibular denture. A major 
issue would be the lower implant survival rates and multiple maintenance 
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PI initiated study funded by Grant 
 
2. Purpose of the Research Study 
 
You are invited to participate in a research study.  It is important to us that you first 
take time to read through and understand the information provided in this sheet.  
Nevertheless, before you take part in this research study, the study will be explained 
to you and you will be given the chance to ask questions. After you are properly 
satisfied that you understand this study, and that you wish to take part in the study, 
you must sign this informed consent form.  You will be given a copy of this consent 
form to take home with you. 




The purpose of this study is to evaluate if 2 Mini dental dental implants can be used 
to increase the retention of your lower full denture.  
This study will recruit 30 subjects from National University Hospital over a period of 6 
months. About 30 subjects will be involved in this study.  
 
3. What procedures will be followed in this study  
 
If you take part in this study, you will be treated in 3 phases. 
 
(i) Initial Phase: This examination will include assessment of your jaws, gum 
conditions, medical fitness for the procedures involved, and the condition as well 
as an assessment of your dentures. X-ray images will also be taken at this stage 
to assist in the assessment. This may take 1-2 appointments. 
 
(ii) Treatment Phase: This phase will require the surgical placement of 2 Mini dental 
implants in your lower jaw. This simple procedure will be done with under local 
anaesthesia. Two holes will be made to your existing denture to be used as a 
guide for the placement of the two implants. The two holes will be covered up after 
the surgery. This procedure will be done as a day surgery procedure, and will take 
approximately 1 hour. You will be able to go home immediately after the procedure 
and you will also be able to wear your lower dentures immediately. After a waiting 
period of 2 months, you will return for a second 1-hour procedure in which your 
denture will be modified and connected to the previously placed implants. This 2-
month wait is necessary to ensure that the implants are well integrated with the 
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jaw bone.  After this appointment, you will notice an immediate improvement in the 
retentiveness of your lower denture. 
 
(iii) Review Phase: You will be required to return for review visits at 3-month, 6-
month, 12-month and 24-month intervals. During these review visits, your denture, 
your comfort, your gums and your implants amongst others, will be assessed and 
recorded. 
 
During all the above 3 phases, digital photographs, video recording as well as x-ray 
images may be taken for purpose of recording the progress of your treatment. 
However, these images will be kept in confidence and will be used strictly for the 
purpose of this study.  
  
Your participation in the study will last 1 to 2 years.  
 
4. Your Responsibilities in This Study 
 
If you agree to participate in this study, you should follow the advice given to you by 
the study team.  You should be prepared to visit the hospital 6-8 times over 1-2 years 
and undergo all the procedures that are outlined above. 
 
 
5. What Is Not Standard Care or Experimental in This Study 
 
In this experimental study, we would like to study the viability of using 2 Mini dental 
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implants (diameter of 1.8mm to 2.4mm) placed surgically on the lower jaw to improve 
the retention of your lower denture. 
 
 
6. Possible Risks and Side Effects 
 
Potential risks involve possible soreness, and discomfort immediately after the 
surgical phase. These could be related to the sites of anaesthesia and implant 
placement. They are usually mild and will resolve after a few days. There is also a 
risk that the narrow implants may fracture during or after the surgical stage. If the 
fractured implant portion cannot be removed, they can be left in-situ and the gums 
and bone will usually heal uneventfully. Precautions are usually taken to safely avoid 
any nerve injury during the implant placement procedure. However, nerve injury may 
still occur and may result in some temporary or permanent numbness to your lower 
lip. Recovery from numbness due to nerve injury varies from individual to individual 
and also depends on the severity of the injury. 
 
Occasionally, the narrow implants placed may become loose and may need to be 
removed. Implants may become loose for a variety of reasons and if removed, you 
may have a choice of re-doing the procedure or opt out of the study. No specific 
length of time can be made for the survival of the Mini dental implants. One of the 
objectives of this study is to follow the viability of the Mini dental implants when used 





7. Possible Benefits from Participating in the Study 
 
The main benefit of this study is the increased retentiveness of your lower denture. 
This benefit will allow you to not only eat and chew your food better, but may also 
increase the type and choices of food that you may be able to chew with the narrow 
implants being used to retain your lower denture.  
 
It may also increase the comfort of you wearing your denture as well as improve your 
speech, now that the lower denture is more stable and it may also lead to more self-
confidence.  It can also avoid embarrassing and unintentional movements of your 





9. Alternatives to Participation 
 
If you choose not to take part in this study, you will receive standard care for your 
condition. In our institution this would be to redo your existing loose denture to try 
achieve an even better fit and hopefully better retention of your lower denture 
The benefits of re-doing your lower denture include no need for any surgical 
procedure and no modifications of the same denture to accommodate any implants. 
The number of visits required for re-doing the denture may also be fewer as 
compared to participating in the study 
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and the following potential risks: 
The new lower denture may continue to be loose and you may continue experiencing 
difficulty in eating, chewing and speaking. You may also experience soreness on 
your gums due to the loose denture. 
 
 
10. Costs & Payments if Participating in the Study 
 
If you take part in this study, fees for the initial consultation, radiographs, treatment 
processes including surgery and the modification of your denture as outlined above, 
and all review consultation appointments will be waived. 
 
Participation in this study is conditional that your existing set of dentures is of 
acceptable condition. If it is deemed that current set of dentures need to be replaced 




11. Voluntary Participation 
 
Your participation in this study is voluntary. You may stop participating in this study at 
any time. Your decision not to take part in this study or to stop your participation will 
not affect your medical care or any benefits to which you are entitled. If you decide to 
stop taking part in this study, you should tell the Principal Investigator.  
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If you withdraw from the study, you will be required to inform the Principal 
Investigator. If the two narrow implants have already been placed at the time of your 
withdrawal, the following options are available: 
(i) Leave the two implants as they are. Your current denture will be 
modified to accommodate the two implants 
(ii) The top portion of the implant can be carefully drilled away and the 
remainder part of the implants can be left buried in the gums 
(iii) Removal of the two implants. This option will be done surgically and 
may result in bone loss, pain and discomfort and is not generally recommended. 
 
Your doctor, the Investigator and/or the Sponsor of this study may stop your 
participation in the study at any time if they decide that it is in your best interests. 
They may also do this if you do not follow instructions required to complete the study 
adequately. If you have other medical problems or side effects, the doctor and/or 
nurse will decide if you may continue in the research study. The study may be 
terminated if the implants place in do not integrate with the bone as will be reflected 
by the implants being unstable. In the event of any new information becoming 
available that may be relevant to your willingness to continue in this study, you (or 
your legally acceptable representative, if relevant) will be informed in a timely manner 
by the Principal Investigator or his/her representative. 
 
12. Compensation for Injury 
 
(For PI-Initiated studies, please use this statement): 
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NUS without legal commitment will compensate you for the injuries arising from your 
participation in the study without you having to prove NUS is at fault. There is 
however conditions and limitations to the extent of compensation provided. You may 
wish to discuss this with your Principal Investigator 
 
By signing this consent form, you will not waive any of your legal rights or release the 
parties involved in this study from liability for negligence. 
 
13. Confidentiality of Study and Medical Records 
 
Information collected for this study will be kept confidential. Your records, to the 
extent of the applicable laws and regulations, will not be made publicly available.  
However, NUHS and NHG Domain-Specific Review Board and Ministry of Health will 
be granted direct access to your original medical records to check study procedures 
and data, without making any of your information public. By signing the Informed 
Consent Form attached, you (or your legally acceptable representative, if relevant) 
are authorizing such access to your study and medical records. 
Data collected and entered into the Case Report Forms are the property of National 
University Health System. In the event of any publication regarding this study, your 






14. Who To Contact if You Have Questions 
If you have questions about this research study, you may contact the Principal 
Investigator, Dr Chew Chong Lin, Faculty of Dentistry, National University of 
Singapore, 11, Lower Kent Ridge Road at 6779 5555 ext 4966 and email 
rsdccl@nus.edu.sg  for all research-related matters and in the event of research-
related injuries.  
In case of any injuries during the course of this study, you may contact the Principal 
Investigator, Dr Chew Chong Lin  at 6779 5555 ext 4966 
The study has been reviewed by the NHG Domain Specific Review Board (the 
central ethics committee) for ethics approval. 
If you want an independent opinion of your rights as a research subject you may 
contact the NHG Domain Specific Review Board Secretariat at 6471-3266. 
If you have any complaints about this research study, you may contact the Principal 


























Question 1: How satisfied are you with your dentures when you are 
chewing your food? 
 
Question 2: How satisfied are you with your dentures when you are 
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Plaque Index (PI) 
 
Descriptive Statistics 





PI at 3-month 25 .28 .458 0 1 .00 .00 1.00 
PI at 12-month 25 .72 .792 0 2 .00 1.00 1.00 
PI at 24-month 25 1.00 .645 0 2 1.00 1.00 1.00 
 
 Friedman Test 
 
Ranks 
 Mean Rank 
PI at 3-month 1.42 
PI at 12-month 2.08 






Asymp. Sig. .000 















GI at 3-month 25 .20 .408 0 1 .00 .00 .00 
GI at 12-month 25 .76 .879 0 2 .00 .00 2.00 






 Mean Rank 
GI at 3-month 1.36 
GI at 12-month 2.08 






Asymp. Sig. .000 




Probing Depth (PD) (in mm) 
 
Descriptive Statistics 
 N Mean 
Std. 





PD at 3-month 25 .8000 .50000 .50 2.00 .5000 .5000 1.0000 
PD at 12-month 25 1.8800 .88129 1.00 4.00 1.0000 2.0000 2.5000 




 Mean Rank 
PD at 3-month 1.04 
PD at 12-month 2.40 






Asp. Sig. .000 
a. Friedman Test 
 




 N Mean Rank Sum of Ranks 
PD at 24-mth - PD at 12-
month 
Negative Ranks 1a 3.50 3.50 
Positive Ranks 5b 3.50 17.50 
Ties 19c   
Total 25   
a. PD at 24-mth < PD at 12-month 
b. PD at 24-mth > PD at 12-month 





PD at 24-mth - 
PD at 12-month 
Z -1.633b 
Asp. Sig. (2-tailed) .102 
a. Wilcoxon Signed Ranks Test 












 N Mean 
Std. 





Vertical Bone Loss 
at Loading 
25 .0000 .00000 .00 .00 .0000 .0000 .0000 
Vertical Bone Loss 
at 12-month 
25 -1.8753 .64541 -3.25 -.75 -2.2500 -2.0000 -1.3150 
Vertical Bone Loss 
at 24-month 






 Mean Rank 
Vertical Bone Loss at Loading 3.00 
Vertical Bone Loss at 12-month 1.80 







Asp. Sig. .000 








Vertical Bone Loss 12-month/24-month 




 N Mean 
Std. 






Loss at 12-month 
25 -1.8753 .64541 -3.25 -.75 -2.2500 -2.0000 -1.3150 
Vertical Bone 
Loss at 24-month 




Wilcoxon Signed Ranks Test 
 
Ranks 
 N Mean Rank Sum of Ranks 
Vertical Bone Loss at 24-month - 
Vertical Bone Loss at 12-month 
Negative Ranks 16a 8.88 142.00 
Positive Ranks 1b 11.00 11.00 
Ties 8c   
Total 25   
a. Vertical Bone Loss at 24-month < Vertical Bone Loss at 12-month 
b. Vertical Bone Loss at 24-month > Vertical Bone Loss at 12-month 




 Vertical Bone Loss at 24-month - Vertical Bone Loss at 12-month 
Z -3.109b 
Asp. Sig. (2-tailed) .002 
a. Wilcoxon Signed Ranks Test 













 N Mean 
Std. 





Horizontal Bone Loss 
at loading 
24 .0000 .00000 .00 .00 .0000 .0000 .0000 
Horizontal Bone Loss 
at 12 mths 
24 -.4583 .51429 -1.75 .00 -.6875 -.5000 .0000 
Horizontal Bone Loss 
at 24mths 







 Mean Rank 
Horizontal Bone Loss at loading 2.63 
Horizontal Bone Loss at 12 
mths 
1.75 







Asp. Sig. .000 








Horizontal Bone Loss 





 N Mean 
Std. 






Loss at 12 mths 
24 -.4583 .51429 -1.75 .00 -.6875 -.5000 .0000 
Horizontal Bone 
Loss at 24mths 




Wilcoxon Signed Ranks Test 
 
Ranks 
 N Mean Rank Sum of Ranks 
Horizontal Bone Loss at 24mths - 
Horizontal Bone Loss at 12 mths 
Negative Ranks 3a 2.00 6.00 
Positive Ranks 0b .00 .00 
Ties 21c   
Total 24   
a. Horizontal Bone Loss at 24mths < Horizontal Bone Loss at 12 mths 
b. Horizontal Bone Loss at 24mths > Horizontal Bone Loss at 12 mths 




 Horizontal Bone Loss at 24mths - Horizontal Bone Loss at 12 mths 
Z -1.633b 
Asp. Sig. (2-tailed) .102 
a. Wilcoxon Signed Ranks Test 




Visual Analog Scale 
 
Descriptive Statistics 
 N Mean 
Std. 





VAS Question 1 b4 treatment 24 2.71 1.628 1 5 1.00 2.00 4.75 
VAS Question 1 at 3 months 24 9.46 .658 8 10 9.00 10.00 10.00 
VAS Question 1 at 12 months 24 9.33 .761 8 10 9.00 9.50 10.00 






 Mean Rank 
VAS Question 1 b4 treatment 1.00 
VAS Question 1 at 3 months 3.02 
VAS Question 1 at 12 months 2.90 







Asp. Sig. .000 









Visual Analog Scale 
 
Descriptive Statistics 
 N Mean 
Std. 





VAS Question 2 before 
treatment 
24 2.71 1.574 1 5 1.00 2.50 4.00 
VAS Question 2 at 3 
months 
24 9.25 .737 8 10 9.00 9.00 10.00 
VAS Question 2 at 12 
months 
24 9.38 .711 8 10 9.00 9.50 10.00 
VAS Question 2 at 24 
months 






 Mean Rank 
VAS Question 2 before 
treatment 
1.00 
VAS Question 2 at 3 months 2.85 
VAS Question 2 at 12 months 2.96 







Asp. Sig. .000 















Life Table Analysis 
 
 
The life table analysis proposed Cutler and Ederer (1958) was applied to 
the data. TeUPVDQGFDOFXODWLRQVDUHGH¿QHGDVIROORZV  
 
 t i ± i th time interval, i =1, 2 The duration of the study is divided into 2 
intervals of one year, i.e., t1  >ít2  >ías shown in Table 4.  
 
 a i - number of implants at the beginning of t i For example, there are 54 
iPSODQWVLQ>í\HDULQ7DEOH.  
 
b i - number of dropouts in t i The individuals left the study and failed to 
follow up. In Table 4, there were 2 GURSRXWVLQ>í\HDUWLPHLQWHUYDO 
 
 r i - number of implants at risk in t i. r i = a i í b i / 2, where b i / 2 is 
used as the correction factor for unaccountable dropouts. For example, 
there were 2 implants undHUULVNLQ>í\HDULQ7DEOH.  
Si - survival rate in t i. S i =ín i / r i where n i is the number of failures 
in t i. Note that the failures are due to the peri-implant infection. For 




CSi cumulative survival rate of t i CSi = S1 × S2×···×Si the cumulative 
survival rate of i th time interval is the product of the survival rate up to 
time interval i.  
 
Pi successful rate in t i .  P i =íP i / r i where m i is the number of 
peri-implant infection in t i. )RUH[DPSOHWKHVXFFHVVIXOUDWHVRI>í\HDU
DQG>í) year were, respectively, 92.3% and 93.8% in Table 4.  
 
 CPi cumulative successful rate of t i. CPi = P1 × P2×···×Pi, the 
cumulative successful rate of i th time interval is the product of the 
successful rate up to time interval i. For example, the cumulative 
VXFFHVVIXO UDWHV RI >í \HDU DQG >í) year were, respectively, 92.3% 
and 86.5% in Table 4. 
 
 
 
 
